Nematode density and biomass were determined by taxa from exclosures in excelknt or fair range condition in western South Dakota. Density of plant feeding nematodes in both treatments varied from 2 to 6 million/m* to a depth of 60 cm. Biomass of plant feeders was greater in the excellent condition range due principally to high numbers of dagger nematodes @rhnarilyX&~ine#na americanum). The main contributors to biomass esthnates in fair range condition were Tyknchiia, principally stunt and spiral nematodes. Biomass of predaceous forms was similar to that of plant feeders. Microbial feeders, although numerous, constituted a relatively small proportion of biomass in both treatments. Approximately 70% of nematodes in all trophic kvels occurred above 20-cm sampling depth in both range conditiom. Stunt nematodes were nearly limited to the upper 10 cm of soil, with spiral nematodes predominating with increasing depth, particularly in fair condition range. Results indicate that nematode constitute a major portion of the faunistic biomass in a mixed prairie ecosystem.
The role of soil-inhabiting nematode in native grasslands of the Great Plains states has received little investigation. Studies by Orr and Dickerson (1967) , Thorne and Malek (1968) , Schmitt and Norton (1972) , Thorne (1974) , and Norton and Schmitt (1978) have established the fact that plant parasitic nematodes are important components of these grasslands. In western South Dakota nematicide treatments resulted in growth increases ranging from 28 to 59% in native range (Smolik 1977) . There is also evidence from New Zealand that nematodes may be limiting pasture production (Yeates 1977) . Plant-feeding nematodes in other grassland ecosystems have been investigated by Yuen (1966) , Wasilewska (1974) , Yeates (1974) , Smolik and Rogers (1976), and Freckman et al. (1979) .
The objectives of this study were to determine the effects of range condition and depth of sampling on nematode density and biomass over a 6-year study period. Further analyses are planned to investigate the effects of other abiotic factors on nematode populations.
Materials and Methods
This study was conducted at the Cottonwood Range and Livestock Exp. S&I., 12 miles west of Philip, S. Dak. This area was on the Comprehensive Network site of the Grassland Biome Project, U.S. International Biological Program as described by . Samples were taken in a permanent exclosure in excellent range condition (Soil Conserv. Serv. 1969) and in a temporary exclosure in fair range condition. Soils were Kyle silty clays on gentle northeasterly slopes and are included in the Clayey Range Site, Western South Dakota Guide Area, Land Resource Area 60-S. Vegetation in excellent range condition was dominated by the cool-season midgrass Agropyron smithiil (western wheatgrass) with an understory of the warm-season shortgrasses Buchloe ductyloides (buffalograss) and Boutelouu grucilis (blue grama). In fair range condition the vegetation was dominated by the two shortgrasses.
Soil cores were obtained on three dates in 1970, 1971, and 1972 . Generally, sampling dates coincided with initiation of growth in spring, peak standing crop of live plus recent dead vegetation (late July), and late fall just prior to frost. Samples were obtained for 3 additional years (1973, 1974 and 1975) in July only. Soil cores, 4.2 cm diameter, were removed to a depth of 60 cm, subdivided into 0-lO, lO-20,20-30,30-40,40-50, and SO-60 cm depth increments, placed in plastic bags and stored at 4' C until processed. Six randomly selected cores were removed from both treatments on each date.
Nematodes were extracted from samples by the method of Christie and Perry (1951) . In an attempt to estimate the actual populations, nematode numbers were corrected for extraction efficiency. The efficiency of the wet screening, using a 325-mesh screen, was approximately 73% The extraction efficiency did not vary appreciably between small forms (pin nematode) and larger forms (dorylaims). The efficiency of the Baermann funnels was influenced by ambient extraction room temperatures and this efficiency varied with sampling dates and ranged from 70 to 9%. Efficiency of this portion of the method was determined by carefully examining approximately 10% of the residues at each extraction date. Dorylaims remained in screen residues more frequently than other taxa and consequently their numbers were corrected independently.
Nematode densities were determined by counting the number present in each of three l-ml aliquants of a 50 ml suspension in Scott hookworm larvae counting slides at 60 X magnification. Specific identification and values for biomass determination (Andrassy 1956) were obtained from permanent mounts (Thorne 1961) of individuals selected at random from samples combined by date, treatment and depth. Biomass was calculated by multiplying the average weight per individual (Table 1 ) times the number of individuals per m*. In total, approximately 1,000 mounts containing from 2 to 12 nematodes per slide were prepared. Lyophilization was used to determine a moisture content in nematodes of 75%. Trophic levels were based on published reports (Thorne and Swanger 1936 , Thome 1939 , Goodey 1951 , Hollis 1957 , Ferris 1967 , Nielson 1967 , Tjepkema et al. 1971 , and Ferris 1972 . In addition, the only stylet-bearing nematode indigenous to the Cottonwood site that successfully colonized a fungal substrate was Aphelenchus sp. (authors unpublished)
Nematodes were divided into 9 taxonomic groupings when counted. The nematode genera and/or species, common name, trophic level, weight, and composition of each taxonomic group- ing are shown in Table 1 . The number of cyst nematode larvae tion as a main effect was seldom significant; however, condition by extracted from samples and the number of endoparasites (lesion increment and in some instances condition by increment by year or nematodes) recovered through root incubation (Thorne 1961) were date interactions were significant (X.05). Consequently, significonsistently low throughout the study period and are not included cant interactions were graphed and FLSD's at .05 (Carmer and in totals.
Swanson 1971) were used to compare treatment means.
Results and Discussion
Range condition did not appear to influence the number of different species present (Fig. 1) . However, the O-10 cm samples had more than twice the number of species than samples from the 20-60 cm depths. The number of species of plant feeders remained comparatively high through all sampling depths (Fig. I) ; however, the number of species of both predators and microbial feeders was relatively high in only the O-10 cm depth. This greater number apparently reflects the greater variety of food sources available in the upper soil layers.
The biomass of plant feeders was significantly greater in excellent condition range only in the lo-20 cm depth increment on all sampling dates in 1970 and in October of 1971 (Fig. 2) . In 1972 biomass was significantly greater in the O-10 and 20-30 cm increments in March and in the O-40 cm increments in July (Fig. 2) . When July samplings from 1970-1975 are compared (Fig. 3 ) the biomass of plant feeders was significantly greater in at least one depth increment in excellent range in every year except 1971.
Summaries of significance in the analyses of variance of density and biomass for various dates, 1970 dates, -1972 dates, and for July only, 1970 dates, -1975 are shown in Tables 2 and 3 , respectively. RangecondiThe vertical distribution of plant feeders for all dates, 1970-1972 and for July is shown in Figure 4 . Reasonsfor the highly significant increment effects in the analyses of variance (Tables 2 and 3) are apparent since the majority of namatodes occurred in the O-20 cm soil increments, as might be expected (Wallace 1963) . In contrast to biomass comparisons (Fig. 2 and 3) , the density of plant feeders was significantly greater in the O-10 cm increment in fair condition range (Fig. 4) . Densities in the lo-30 cm increments were not different; however, numbers in excellent range were significantly greater in the 30-50 cm increments. When summed over all depth increments, the density of plant feeders ranged from 2 to 6 million/m* and was not significantly influenced by range condition (Tables 2 and 3) . As shown in Figures 2 and 3 , the biomass of plant feeders in excellent range varied considerably with sampling date and year while biomass in fair range was comparatively uniform over years. In an attempt to explain this variation as well as the condition by increment interaction (Fig. 4) the densities of the taxonomic groupings comprising the plant feeding trophic level were examined.
Numbers of dagger nematodes were significantly greater in excellent condition range in the upper soil layers on most sampling dates and years ( Fig. 5 and 6 ). However, numbers in both range types declined rapidly beyond the 30 cm sampling depth. Dagger nematodes are large nemas (Table 1) and they contribute substantially to biomass estimates for plant feeders. Consequently, the density fluctuations of dagger nematodes in excellent range ( Fig. 5  and 6 ) correspond rather closely to the biomass fluctuations in excellent range (Fig. 2 and 3) . The dominant dagger nematode was Xiphinema omericanum (Table 1 ). This nematode is sensitive to environmental perturbations (Ponchillia 1972) and perhaps the more stable conditions in the near climax, excellent condition range favored their buildup. In fair condition range the shift in dominant vegetation as well as an increase in soil compaction through cattle trampling plus manuring effects apparently resulted in less favorable conditions. The preference of X. americanum for a more stable environment may also be related to difficulties encountered in rearing these nematodes in the greenhouse (Malek 1969) . The dominance of dagger nematodes in excellent range is of further importance since several members of the group are virus vectors (including X. atkericanum) and thus their pathogenic potential is increased. The vertical distribution of spiral nematodes varied with range condition (Fig. 7) . Numbers weregreater in the O-30cm increments in fair range and in the 30-50 cm increments in excellent range, which aids in explaining the ipteraction in Figure 4 . Stunt nematodes were primarily limited to the O-10 cm increment in both range conditions, and numbers were significantly greater in fair range (Fig. 8) . The higher populations of stunt nemas in the O-10 cm increment in fair range also contributed to the interaction in Figure 4 . An interesting contrast in vertical distribution of spiral and stunt nematodes in fair range was noted in Figures 7 and 8 . The stunt nematodes were most abundant in the &lo cm increment while highest numbers of spiral occurred in the IO-20 cm increment. Competition for similar feeding sites or greater resistance in stunt nematodes to rapid desiccation or rapid changes in soil temperature may account for this segregation. Soil temperature alone does not seem to be responsible since the dominant species in both taxonomic groupings had a similar optimal constant temperature for reproduction of 250 C (author's unpublished).
The pin nematodes, Tylenchidae, plant feeding dorylaims (excluding dagger), and lesion nematodes are comparatively small nematodes (Table 1) or occurred in comparatively low populations, and thus quantitative data is not presented in the text; copies of the data are available upon request of the authors. Numbers of pin nematodes were significantly greater in the O-30 cm increments in excellent range in 1970 and in the 20-30 cm increment in 1972. Pin are tiny nematodes (Table 1 ) and while their densities were comparatively high, particularly in the upper soil layers, their contribution to the plant feeding biomass was small. The Tylenchidae did not exhibit any consistent preference for conditions in either range type. It is possible that the comparatively large number of species contained in this taxonomic grouping (Table I) interacted in such a manner as to mask treatment effects. The plant feeding dorylaims (excluding dagger) were more numerous in excellent condition range in the lo-30 cm increments. Thenumber of lesion nematodes was significantly higher in fair range in the O-20 cm increments. However, their overall populations were an order of magnitude less than other plant feeders and thus they appear to be of lesser importance at the Cottonwood site than other taxa. In New Zealand pastures lesion nematodes also increased in response to increased grazing pressure and were therefore believed to be partially responsible for decreased forage yields (Yeates 1977) .
Effects of range condition on other trophic levels were also investigated. Populations of microbial feeders were significantly greater in fair range only in 1972 in the O-10 cm increment (Fig. 9) . When July only samplings were compared (Fig. 10 ) numbers of microbial feeders were greater only in 1972 and 1974 in the O-IO cm increment in fair range. It thus appears that range condition has less effect on this diverse (Table 1) studies (Wasilewska 1974) . Density of predaceous forms was higher in excellent range in the O-30 cm increments (Fig. 11) . On the basis of numbers, it might appear that microbial feeders could provide a sufficient food source for predators (Fig. 9, lOand 11 ). In addition, some predators do feed upon microbial feeders (Thorne 1939 , Goodey 1951 , Tjepkema et al. 1971 . However, the average biomass of microbial feeders over both range conditions ranged from 59 to 127 mg/m* to 60-cm depth while that of predators ranged from 281 to 797 mg/m*. It would thus appear that microbial feeders are not the sole food source for predators. Many of the predators was similar to that of plant feeders, which ranged from 262 to 686 mg/m* over both range conditions. This may suggest that plant feeders are also utilized as a food source, thus it is possible that predators may aid in the biological control of plant feeding populations. Further support for this possibility is the comparatively slow decline in numbers of predators with increasing sampling depth ( .
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( Figs. 9 and 10 ). It isalso possible that certain oftheformsincluded among the predaceous (Table 1) are omnivorous (Thome 1939 , Hollis 1957 , and Wasilewska 1974 and also feed upon plant material. However, predaceous nematodes do not feed only on other nematodes; mites, mite eggs, enchytraeids, enchytraeid eggs, and protozoa are also known sources of food.
The dominant herbivore group in terms of biomass at the Cottonwood site was cattle (Table 4) , followed by plant feeding nematodes, plant feeding arthropods, and birds. Biomass estimates for small mammals were not obtained directly from the treatment areas; however, estimates from a nearby area were approximately .004 g/m2 (Lewis 1971) . Although cattle biomass is much higher than that for nematodes, it is probable that nutrient intake per unit biomass is much higher for nematodes since as Kevan (1962) emphasizes small organisms respire at a much higher rate than large organisms. In addition, Scott et al. (1979) have estimated that nematodes may consume three times as much range vegetation as cattle in a mixed prairie ecosystem. The high nutrient intake also aids in explaining the significant plant growth response following nematicide treatment (Smolik 1977) . The effect of range condition on density and biomass of plant feeding, predaceous and microbial feeding nematodes at various US/IBP Grassland Biome sites is shown in Table 5 . With the possible exception of Osage the only perennial grassland site at which range condition appeared to influence biomass of plant feeding nematodes was at Cottonwood. This was also the only site in mixed prairie and heavy grazing resulted in a significant shift in dominant vegetation. This shift as well as edaphic effects of cattle grazing apparently combined to result in a lowering of plant feeding nematode biomass. Further studies designed to measure the effects of a greater range of grazing pressures in the hope of locating a grazing regimen that would result in a lowering of plant feeding nematode biomass without a drastic change in floral composition would be desirable.
Overall it is concluded that nematodes constitute a significant proportion of the faunistic biomass in a mixed prairie ecosystem. Furthermore they deserve increased emphasis in future grassiand studies. 
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